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ABSTRACT
Topics in Exercise Science and Kinesiology Volume 3: Issue 1, Article 8, 2022. Extremely high heat
stress environmental conditions in sub-Saharan Africa influences sports performance. The aim of this study was to
assess physical changes and physiological responses associated with wearing judogi during 8 weeks training
session in a hot environment. In this quasi-experimental study, trained male judokas (20.06 ± 1.24 years old), were
assessed before and after a training session, while either wearing a judogi (experimental group n = 12) or cotton tee
shorts (control group n = 12). All athletes completed testing and were evaluated for anthropometric, physiological
and urine parameters. A significant decrease in body mass (BM) (P.02) was observed in the experimental group but
not the control group. In contrast, VO2max was significantly improved in the control group (p = 0.018). Special Judo
Fitness Test indicators of athletes in the experimental group were lower than those in the control group (p<0.01)
after the 8 weeks training. In addition, significant decreases in sodium (Na+) (p = 0.005), potassium (K+) (p<0.001)
and chloride (Cl-) (p<0.001) ion concentration were found in athletes in the experimental group. Body mass, fitness
and hydroelectrolytic parameters decreased during those 24 training sessions in judogi wearing athletes. Wearing
a judogi and training in open environments in a hot environment impairs judo performance.

KEY WORDS: Judo, electrolytes, physical performance, hot environment
INTRODUCTION
Judo is a grappling sport in which athletes perform multiple intermittent high-intensity efforts
to gain a competitive advantage by throwing an opponent to the ground or by demonstrating
control in groundwork through pinning or submission (16). To be successful in competition,
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athletes need highly developed technical and tactical skills and high levels of fitness (13).
Ambient temperature and clothing are important factors that can influence the performance of
judo athletes. Indeed, judo practice in a hot environment results in a significant loss of water
(35). This dehydration leads to a decrease in plasma volume, an increase in heart rate, electrolyte
disorders and a disturbance in thermoregulation which can lead to health problems (30,31).
These include a disorder of the hormonal system, the cardiovascular system, a decrease and
redistribution of body fat, a weakened immune system, dehydration, loss of electrolytes and a
decrease in renal function (8). These physiological alterations may decrease aerobic capacity
which is an important factor in overall judo performance.
Previous reports have shown that mild dehydration of 1-2% of body mass could have a negative
impact on physical performance, and thermoregulation (23). Hyperthermia exposes athletes to
potential health risks and tends to decrease sports performance (2). It decreases athletic
performance due to dehydration, which leads to weakened physical and athletic abilities (33).
Hyperthermia systematically leads to a decrease in aerobic and anaerobic performance (34,19),
whereas judo requires a high anaerobic capacity (31) and very good specific endurance (26). This
decrease in anaerobic performance is associated with a reduction in the activity of the body's
buffering system (12), a drop in muscle glycogen, and a loss of electrolytes (1).
In addition, wearing a judogi and practising judo in an uncovered environment (outdoors) in
the sub-Saharan area especially in the humid tropical Congo can quickly exacerbate the potential
risks of dehydration to which athletes are exposed during training sessions or matches. In these
environmental conditions of high thermal stress and difficult practice context athletes may
disregard the potential risks involved with wearing a judogi.
While wearing the judogoi aligns with traditional recommendations, doing so does not take into
account the specificity of hot and humid tropical countries, such as the Congo. In this subSaharan country, the average temperature is 32°C and the relative humidity is over 70% (21).
Practising judo outdoors in this environment, potentially increases the risk of hyperthermia,
which is accentuated by the wearing of a judogi, a garment generally sewn from a very thick
cotton fabric (10).
Few studies have focused on at the risk of wearing a judogi in an outdoor hot and humid
environment. There is a need to determine the impact of judogi wearing on judoka in this setting.
Therefore, this study aimes at assessing the effect of wearing a judogi in a hot environment on
hydration status, physiological parameters and judo-specific performance.
METHODS
Participants
A total of 24 judokas from the Brazzaville elite were enrolled to voluntarily participate. The
G*Power software (version 3.1.9.7; Universitat Kiel, Dusseldorf, Germany) was used to
estimate the sample size. An apriori test with an effect size of 0.25 and 0.85 statistical power
using a repeated measures ANOVA was performed. Effect size was determined using Cohen's
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calculator with a sample size of 12 subjects for each group. To take part in this study, athletes
had to hold a sports licence for the current year (2021 sports season). Any participant taking
medications that could alter physical performance was not included in the study. A judoka
absent for more than three of the 24 training sessions was excluded from the study.
After inclusion, participants were randomly divided into two groups: the experimental group
wore judogi during training (n = 12), the control group wore cotton tee shorts.
Protocol
This interventional research was conducted during the 2021 sports season among senior
judokas who qualified for the national championships in Congo. The athletes participated in
a training session that took place over a period of eight weeks with three sessions per week.
The athletes were asked not to conduct any other type of physical exercise during the
intervention period.
Table 1. Program of the training session
Sequences of the training sessions
Warm-up

Contents of the training sessions
Preparation exercises for upper and lower body
movements in 10 repetitions each
10 min at an intensity between 70 and 80% of
HRmax

Racing training sequence

Speed at maximum intensity over 25 m in 5 to 15
min, for 1 to 2 sets of 6 runs each, with 5 min rest
between sets

1 technical training sequence of 12 to 30 minutes at
90% of the theoretical HRmax

4 sets of 10 repetitions of standing techniques in
uchi komi (without throws) and nage komi
(execution of the technique): moroté soei nage, ouchi gari, ko-uchi gari, uchi mata, tae otochi, Harai
gochi, tsuri komi gochi

1 tactical training sequence of 20 to 40 min, at an
intensity of 90 to 95% of the theoretical HRmax.

5 sets of 10 repetitions of standing techniques in
uchi komi (without throws) and nage komi
(execution of the technique) performed in circuit
training: moroté soei nage, o-uchi gari, ko-uchi gari,
uchi mata, tae otochi, Harai gochi, tsuri komi gochi

2 combat sequences with compulsory techniques

Fights (randori) of 3 min, tournaments with all the
athletes with an application of the standing
techniques programmed for the day (moroté soei
nage, o-uchi gari, ko-uchi gari, uchi mata), at an
intensity varying from 85 to 90% of the theoretical
HRmax

Sequences of fights in competition conditions

4 fights (randori) of 5 min each with a rest time of 10
min between the fights and at an intensity varying
between 80 to 85% of the theoretical HRmax
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Before the start and after the 8-week intervention, anthropometric, physiological and urine
collection measurements were performed over three consecutive days: on the first day, heart
rate was also measured. The urine collection measured the concentration of the urinary
electrolytes sodium (Na+), potassium (K+), chloride (Cl-) and the sodium/potassium ratio
(Na/K) as well as the urine density, in order to determine the hydration status. On the second
day, the Special Judo Fitness Test (SJFT) for judo-specific performance was completed (14).
The Yoyo-IRT2 (3) for the estimation of 𝑉̇ O2max was performed on the third day. All
participants were informed about the aims, objectives and conduct of the study and provided
written informed consent. The study was approved by the scientific committee (0132020/UMNG/ISEPS/DA/DL-STAPS/SP) of Higher Institute of Physical Education and Sport
(ISEPS), Marien Ngouabi University (Congo) and was conducted in accordance with the latest
Declaration of Helsinki ethical principles modified in 2013. This research was carried out in
accordance with the ethical standards of the International Journal of Exercise science (29).
Intervention: The 24-day training period consisted of an intensive training phase with a
recovery phase. The sessions were organized with progressive reduction phases at a rate of
one session every 72 hours. The training sessions consisted of the sequences shown in table 1.
Samples and Measurements: Urine samples were collected with dry disposable tubes, rectal
temperature (Tr) was measured with MT 101R automatic thermometers (Hangzou Sejoy,
China) for individual use. Body mass index was calculated according to the formula BMI =
Mass (kg)/Height2 (m). The Body fat content (BF) was determined from the formula of BF (in
%) = (1.20∗IMC) + (0.23∗Age) - (10.8∗1) - 5.4 (7). Urinary electrolyte concentration of sodium,
potassium (Na+, K+) and chloride (Cl-) was determined with a 9180 electrolyte analyzer
(Roche, Switzerland), and the ratio (Na+/K+) was calculated for each participant. Urine
density (UD) was measured with a Pen-Urine SG clinical refractometer (Atago, Japan).
Hydration status was determined from the urine density. An athlete was considered normohydrated with UD < 1.020. Dehydration was considered when UD values were measured
between 1.020 and 1.030. The athlete was severely dehydrated when UD > 1.030 (25).
Electrolyte concentration was assessed from normal 24-hour values (18), ranging for Sodium
from 50 to 220 mmol/24 h, Potassium from 25 to 130 mmol/24 h and Chloride from 50 to 220
mmol/24 h. Each athlete was provided with one or two 1.5 L bottles of water to drink during
the competition and training sessions according to their demand. The quantity of ingested
water was determined from the remaining volume.
Height and body mass were measured to the nearest cm and 100 g, respectively, according to
the techniques advocated by Mac Dougall et al. (24), using a ZT-150A height gauge (Perlong
Medical Equipment, China) and an automatic digital scale (Xiangshian, China). Ambient
temperature and relative humidity were measured with a TP50 digital hygrometer
(ThermoPro, France) during the competition, training camp and measurement sessions. The
heart rate (HR) of the judokas was measured with Geonote heart rate monitors (Decathlon,
France) respectively.
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Tests: The SJFT was conducted according to the protocol defined in the literature (14). Three
judokas of the same weight category are required. In the middle stands Tori (the one being
tested) and at the end are the ukes (the one being thrown). The ukes are 6m apart from each
other. Tori in the middle is 3m away from the ukes. At the signal Tori runs towards uke1 to
perform ippon soe nage (shoulder technique of forward throwing) at maximum speed, gets
up and runs towards uke 2 to perform the same throw. The participant performs the maximum
number of throws in this shuttle run as quickly as possible. This test is programmed over three
periods, period A (15 s), period B (30 s), period C (30 s). Each period of the test is marked by a
10 s pause. The heart rate (bpm) is measured immediately after the test and one minute after
the test using a heart rate monitor (Géonote, decathlon, France). The SJFT index (ISJFT) was
used to determine the specific ability level of athletes in Judo by referring to the ISJFT
classification table proposed by Franchini et al. (14). The ISJFT was calculated according to the
following equation:
SJFT index (ISJFT) = Heart rate (bpm) just after exercise + Heart rate (bpm) one minute after
the test / Total number of projections.
The Yo-yo Intermittent Recovery test (Yo-yo IRT2) has been used to estimate 𝑉̇ O2max (3). This
test is based on an intermittent shuttle run performed over a distance of 20 m with an active
recovery zone of 5 m. At the signal of the audio recording that serves as a guide to the test, the
athlete runs the distance back and forth and then pauses for 10 s in active recovery (3). From
the level reached by the athlete, the distance covered was determined and the 𝑉̇ O2max was
estimated according to the following equation:
Yo-Yo IRT2: 𝑉̇ O2max (mL/min/kg) = IRT2 distance (m) x 0.0136 + 45.3
Statistical Analyses
The data presented in the form of means and standard deviations were processed with the
Statistical Package for Social Science (SPSS Inc. Chicago, IL, USA) 22.0. Normality was checked
with the Kolmogorov Smirnov test and homogeneity of variances was tested with the Levene
test. The two-factor ANOVA (Time x Group) was used to test for interactions between
measurement times and groups. The Wilcoxon rank test was used to test the measurement
time effect in each group. Intergroup comparisons were performed with the Man Whitney U
test. Cohen's effect size (ES) was used to determine the magnitude of differences between
groups with interpretation thresholds of: trivial (d < 0.2), small (d ≥ 0.2), medium (d ≥ 0.5),
and large (d ≥ 0.8) (6). The significance level of the statistical tests was set at P˂ 0.05.
RESULTS
Subject characteristics of body composition are presented in Table 2. At the beginning of the
study, body mass index and body fat percentage did not differ significantly between the judogi
athletes and the others. Post-intervention comparisons of these parameters revealed that the
judogi group's mass was reduced by an average of 4.1%, with a small effect size (Effect size =
1.15) while that of the non-judogi group did not change. There was a group-measurement time
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interaction since the result of the two-factor analysis of variance was significant (F = 9.90; p =
0.005). The analysis also showed significant reductions ranging from 23.98 ± 0.95 to 22.56 ± 3.27
Kg/m2 for MBI and from 27.83 ± 1.67 to 25.61 ± 1.18 % for fat percentage with small effects
respectively (Effect size = 1.58; Effect size = 1.64).
Table 2. Change in anthropometric parameters.
Athletes with judogi
(n=12)
Baseline

After

- Body mass (kg)

65.95 ± 2.43

63.25 ± 2.23*

- BMI (Kg/m2)

23.98 ± 0.95

- Body fat content

27.83 ± 1.67

Athletes without judogi
(n=12)

Effect size

Effect size

Baseline

After

1.15

65.22 ± 2.53

65.10 ± 2.17

0.05

22.56 ± 3.27*

1.58

23.08 ± 0.96

23.01 ± 3.22

0.29

25.61 ± 1.18*

1.64

28.51 ± 1.71

28.45 ± 1.81

0.52

After the training period, sodium ions and chloride ions decreased significantly (p˂0.05;
p˂0.001) in athletes with judogi with a small effect (Effect size = 2.9) for Na+ ions and small
effects for K+, Cl- ions, respectively (Effect size = 1.66; Effect size = 1.08), but its changes were
statistically insignificant in athletes without judogi. A group-measurement time interaction was
only observed (F = 12.15; p = 0.001) for K+ ions. Urine density and potassium ions increased
significantly (p˂0.01) with a small effect (Effect size = 1.66) in athletes with judogi, but these
values remained without significant change in athletes without judogi. There was a groupmeasurement time interaction as the result of the two-factor analysis of variance was significant
(F = 25.47; p = 0.000). All athletes with judogi were dehydrated at the end of the training period
(Table 3).
Table 3. Change in urinary parameters and water status.
Athletes with judogi
(n=12)
Baseline

After

- Na+ (nmol/L)

165.39 ± 1.12

149.96 ± 2.91**

- K+ (nmol/L)

56.98 ± 1.30

- Cl- (nmol/L)

Effect
size

Athletes without judogi
(n=12)

Effect
size

Baseline

After

2.99

148.75 ± 2.44

158.67 ± 8.69

0.15

73.44 ± 1.10***

1.66

58.37 ± 2.28

57.44 ± 1.02

0.52

156.85 ± 1.69

146.62 ± 2.29***

1.08

153.98 ± 4,60

172.74 ± 5.73

0.05

- Na/K

2.90 ± 0.07

2.04 ± 0.02*

1.70

2.55 ± 0.11

2.72 ± 0.19

0.43

- UD

1.016 ± 0.002

1.032 ± 0.005**

1.86

1.016 ± 0.003

1.019 ± 0.005

0.18

-Normohydrated
(Staff %)
- dehydrated
(staff %)

2(16.67)

/

11(91.67)

9(75.00)

10(83.33)

12(100)

1(8.33)

3(25.00)

Na+: concentration of sodium; K+: concentration of potassium; Cl-: concentration of chloride; UD: Urine density;
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The number of throws during rounds A and C did not change statistically in either group at the
beginning or end of the training session. During set B, lower values of the number of throws
were recorded after the training session for the athletes in judogi. For total number of throws,
significant differences were observed for athletes in judogi at the beginning and end of the
training session (p˂0.01), with lower values. Heart rate immediately after the test showed higher
values in judogi athletes at the end of training (p = 0.02). Analysis of the results also showed a
significant alteration of the ISJFT (p = 0.007) with a small effect (Effect size = 1.31). A
measurement group-time interaction was observed (F = 7.31; p = 0.013). However a significant
improvement in 𝑉̇ O2max was observed in judokas without judogi (p = 0.003) after the training
period (table 4).
Table 4. Modification of performance in the judo specific test and physiological parameters
Athletes with judogi
Athletes without judogi
(n=12)
Baseline

After

Throws in bout A

5.41 ± 1.21

5.29 ± 0.11

Throws in bout B

10.28 ± 1.00

Throws in bout C

(n=12)

Effect size

Effect size

Baseline

After

0.13

5.66 ± 1.64

5.11 ± 1.10

0.39

8.19 ± 1.23***

1.86

10.27 ± 1.44

10.11 ± 1.45

0.11

8.81 ± 1.21

8.04 ± 1.20

0.63

8.94 ± 1.01

9.11 ± 2.02

0.10

Total number of Throws

24.51 ± 1.35

21.52 ± 1.74**

1.92

24.89 ± 2.69

24.33 ± 1.74

0.24

HR post test

184 ± 2

186 ± 3*

1.26

180 ± 4

181 ± 2

0.31

HR 1min post test

162 ± 2

164 ± 1

0.78

160 ± 1

160 ± 1

0.78

ISJFT

14.17 ± 0,81

16.32 ± 1.31**

1.31

13.38 ± 1.62

14.15 ± 1.08

0.32

𝑉̇O2max

56.89 ± 1.73

57.13 ± 1.60

0.14

57.89 ± 1,19

58.16 ± 1.35*

1,15

HR: heart rate judo specific; ISJFT: fitness index; 𝑉̇O2max: maximal oxygen consumption.

DISCUSSION
The aim of this study was to assess the hydration status, judo-specific performance and
physiological responses associated with wearing judogi in an extremely hot and humid outdoor
environment. The main findings of the present study are: 1) Body mass decreased more in
athletes who wore a judogi over eight weeks of training. 2) The level of dehydration was high
in the judogi wearers, who had lower SJFT, estimated 𝑉̇ O2max, Na/K ratio and K+
concentration. 3) Athletes without judogi performed better in the SJFT.
Performing physical activity in an environment with high ambient temperatures and decreasing
water intake, may increase water loss and induce weight loss. In this study, the decrease in
body mass of the judogi-wearing athletes was greater than that of the non-judogi athletes,
making it likely that the former lost more water during training sessions. The high water loss in
these athletes is due to the thick cotton fabric of which the judogi is made (22). Previous research
has shown that in grip sports and particularly in judo, dehydration is significant and weight
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losses average 5% (2). It is also recognised that when combat sport athletes dehydrate to lose
weight (9), they also lose electrolytes (5).
In this study, it was confirmed that one of the consequences of wearing judogi in hot
environments is the loss of electrolytes. Previous studies have shown that during dehydration,
the decrease in extracellular water volume causes diffusion from the intracellular fluid to the
extracellular fluid; potassium, an electrolyte in the intracellular fluid then passes into the
extracellular fluid (20) and is excreted in urine.
In athletes without a judogi, there was no significant variation in the mean concentration of
urinary electrolytes. However, inter-individual variations in potassium and sodium in this
group are noteworthy. Indeed, the estimation of the amount of potassium consumed is done
through the multiplication of the amount excreted by 1.30 (4). The average potassium
consumption deduced is about 80 mmol/D. This low level even in athletes without judogi,
would certainly be due to a low potassium diet, yet essential for maintaining good heart health
and metabolism.
As estimated 𝑉̇ O2max decreased at the end of the training sessions in the athletes with judogi
while in the athletes without judogi it increased, the level of dehydration seems to be a plausible
explanation for these differences. Indeed, the dehydration of the athletes with judogi likely
caused, on the one hand, the reduction of plasma volume and, on the other hand, a redistribution
of blood volume to the skin for heat removal (6). This would certainly have caused a decrease
in venous blood volume, inflecting ventricular filling and systolic ejection volume. The decrease
in systolic ejection volume would have induced a reduction in cardiac output and therefore in
circulating blood volume, intended to supply oxygen to the muscles (18), a determining factor
of 𝑉̇ O2max (4). It should also be noted that dehydration can cause the weakening of the
buffering system and an increase in muscle acidosis, causing a decrease in the capacity of
muscles to synthesise phosphagens (32). Under these conditions, recovery capacity decreases
and the ability to sustain intermittent exercise, especially exercise of an aerobic nature,
decreases.
In this study, the decrease in the ISJFT was observed in the judogi athletes. This decrease was
mainly reflected in the decrease of the total number of throws in this group, especially in the
second test period. Indeed, judo combat is characterised by the implementation of the three
energy pathways (11) as replicated by the SJFT. The first two periods of this test are mainly
characterised by the ATP-CP pathway and the anaerobic-lactic pathway (28), while the last
period involves a greater contribution of the aerobic pathway (15) which then reflects the judospecific endurance. The decrease in the number of throws, of judokas in judogi in the second
period of the test, can be explained by the higher accumulation of lactic acid in the muscles, due
to the more accentuated dehydration in them and the simultaneous decrease in anaerobic and
aerobic capacity (27) including the explanatory phenomena of cardiac drift and decrease in
𝑉̇ O2max. In non-judogi athletes, the low level of dehydration could partly explain the
maintenance of performance at SJFT.
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This study, which highlights the adverse effects of dehydration on performance in field tests,
physiological and hydroelectrolytic parameters. The results should enable athletes to choose
clothing that is lighter than the judogi during outdoor training sessions in hot environments.
This can be an effective strategy to reduce the potential risks of dehydration. The results can also
be used as a basis for educating athletes to avoid practising judo in hot and humid environments,
as the risk of impaired sports performance and deterioration of the athlete's health status is
potentially increased.
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Wearing Judogi in a Humid Tropical Environment: Effect on Performance and HydroElectrolytic Parameters
SIMPLICE INNOCENT MOUSSOUAMI1,2, YVON ROCK GHISLAIN ALONGO2, JEAN GEORGES ANDRÉ
MOULONGO2, PAUL ROGER MABOUNDA KOUNGA2,3, CLIVE ERODE MABIKA NZOUMBA2, and ISSIAKO
BIO NIGAN1

PURPOSE
The aim of this study was to evaluate the physical changes and physiological responses associated with
wearing judogi during a training session in a hot environment.
MAIN RESULTS
The results show that body mass significantly decreased and the level of dehydration was high in the
judogi wearing athletes after 8-weeks intervention in the hot environment judo wearing also deteriorates
the level of electrolyte concentration (Na+, K+, Cl-), the performance in the specific judo test (SJFT) and
the endurance capacity (𝑉̇O2max) of the athletes. Coaches may consider suggesting that their athletes
wear kimonos in covered areas in a warm environment to reduce the potential risk of severe
hypohydration that impairs sports performance.
Table. Change in urinary parameters, water status and performance in the judo specific test and physiological
parameters
Athletes with judogi (n=12)
Athletes without judogi (n=12)
Baseline

After

Baseline

After

- Body mass (kg)

65.95 ± 2.43

63.25 ± 2.23*

65.22 ± 2.53

65.10 ± 2.17

- Na+ (nmol/L)

165.39 ± 1.12

149.96 ± 2.91**

148.75 ± 2,44

158.67 ± 8.69

- K+ (nmol/L)

56.98 ± 1.30

73.44 ± 1.10***

58.37 ± 2.28

57.44 ± 1.02

- Cl- (nmol/L)

156.85 ± 1,69

146.62 ± 2,29***

153.98 ± 4,60

172.74 ± 5.73

- Na/K

2.90 ± 0.07

2.04 ± 0.02*

2.55 ± 0.11

2.72 ± 0.19

- UD

1.016 ± 0.002

1.032 ± 0.005**

1.016 ± 0.003

1.019 ± 0.005

- Normo-hydrated
(Staff %)

2(16.67)

/

11(91.67)

9(75.00)

- dehydrated
(staff %)

10(83.33)

12(100)

1(8.33)

3(25.00)

ISJFT

14.17 ± 0,81

16.32 ± 1.31**

13.38 ± 1.62

14.15 ± 1.08

𝑉̇O2max

56.89 ± 1.73

57.13 ± 1.60

57.89 ± 1,19

58.16 ± 1.35*

Na+: concentration of sodium; K+: concentration of potassium; Cl-: concentration of chloride; UD: Urine density;
ISJFT: fitness index; 𝑉̇O2max: maximal oxygen consumption.
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